PURPOSE: To assess long-term clinical and imaging results of technically successful pulmonary arteriovenous malformation (AVM) embolization.
PULMONARY arteriovenous malformations (AVMs) are abnormal vessels in which there is a direct connection from the pulmonary arterial circulation to the pulmonary venous circulation with no intervening capillary bed (1) . Approximately 85% of pulmonary AVMs are simple, in which one or more arteries arising within a single pulmonary segment supply the malformation (2) . Complex lesions have arterial feeder vessels from more than one pulmonary segment and account for 5%-10% of cases. As many as 5% of lesions are diffuse, in which there is disseminated involvement of multiple segments or lobes with numerous, variably sized lesions. Typically, an aneurysmal sac will exist at the arteriovenous connection, commonly a single one for simple lesions with one or two feeder vessels and more likely a plexiform, septate, or multichanneled one for lesions with multiple feeder vessels.
Most pulmonary AVMs are congenital, with approximately 70% of patients having hereditary hemorrhagic telangiectasia (HHT); however, with intensive screening for telangiectases, epistaxis, and family history of these manifestations, the incidence is probably 80%-90% or higher (3) (4) (5) (6) (7) (8) (9) . The remaining congenital pulmonary AVMs are idiopathic lesions not associated with any condition. Approximately 10% of pulmonary AVMs are acquired fistulas, most commonly in the setting of cirrhosis (ie, hepatopulmonary syndrome), in which the treatment undertaken is generally of the underlying pathologic process (10) . Symptoms are present in more then 70% of patients with congenital pulmonary AVMs and are caused by right-to-left shunting and/or hemorrhage. Although hypoxemic symptoms such as dyspnea and fatigue predominate, they tend to be relatively well-tolerated; however, more than 50% of patients can develop the more serious and occasionally lifethreatening complications of paradoxic embolization and rupture. It is the prevention of these events that represents the more critical need for treatment. Most identifiable paradoxic emboli involve the central nervous system and result in stroke, transient ischemic attack, or brain abscess.
Since the first description of pulmonary AVM embolization by Porstmann in 1977 (11), many series have been reported (3, 5, 8, (11) (12) (13) (14) (15) (16) . Technical success rates are high at 88%-100%, and patients who have been successfully treated with embolization show improved oxygenation and a reduced shunt. However, few studies have reported long-term follow-up (9) , and the primary methods of follow-up are typically clinical evaluation, arterial oxygen tension measurement, and shunt fraction studies. In this study, we evaluated our long-term results of technically successful pulmonary AVM embolization with anatomic imaging follow-up, principally with unenhanced helical chest computed tomography (CT), as well as clinical follow-up.
MATERIALS AND METHODS

Patients
Previously unreported patients were enrolled in this prospective study over a 3-year period from July 1, 1996 , to June 30, 1999 . Approval from our institutional review board (Human Investigation Committee) was obtained. Patients underwent evaluation for manifestations of pulmonary AVM and HHT. This consisted of a thorough history and physical examination, baseline pulse oximetry for oxygen saturation, often an arterial blood gas analysis for oxygen tension, and an imaging evaluation. Imaging evaluation included chest radiography and/or CT. These two studies were often performed at other institutions, given the referral nature of our practice. During the time of this study, a diagnosis of HHT was made if the patient had any two of the following: recurrent spontaneous epistaxis, multiple telangiectases, visceral involvement with vascular malformations, and an autosomal-dominant inheritance pattern (17) . A consensus article from 2000 (18) stipulates a definitive diagnosis if three of these clinical criteria are present and a possible or suspected diagnosis if two are present.
Embolization Technique
Diagnostic pulmonary angiography was performed from a transfemoral vein approach according to standard catheterization techniques to place a pigtail catheter sequentially in the main pulmonary artery to each lung. The goal was to identify all malformations with feeding arteries 3 mm or greater in diameter that would require occlusion. This diameter represents a significant size for permitting bland paradoxic embolization and stroke (19 -21) .
Initially, the embolization procedure was usually performed on a different day with use of the contralateral femoral vein, although children and pregnant women underwent a limited diagnostic angiography procedure and embolotherapy on the same day. Over time, the diagnostic and therapeutic procedures were more often performed on the same day, especially if there were only one or two pulmonary AVMs of significant size.
During the procedure, patients received prophylactic antibiotic coverage with 1 g of intravenous cefazolin (Kefzol; Eli Lilly and Company, Indianapolis, IN) and prophylactic anticoagulation with 3,000 -5,000 U of intravenous heparin, and strict attention was paid to avoiding the introduction of any intravascular air bubbles or thrombi, which could paradoxically embolize. Over the course of the study, a coaxial guiding catheter system was developed for the embolization procedure. These Lumax catheters (Cook, Bloomington, IN) consist of an outer 7-F multipurpose guiding catheter and an inner 5-F catheter with a short distal angle. The outer catheter provides support across the heart and large vessels as well as some selective capability, whereas the inner catheter provides finer selective maneuvers. Additionally, the guiding catheter permits exchange for a variety of differently shaped 5-F inner catheters. When the feeding artery to a pulmonary AVM is engaged with the inner catheter, the outer catheter can generally be advanced into it as well (Fig  1a,1b) . The distal aspect of the feeding artery, beyond any significant normal lung branches yet proximal to the aneurysmal sac between the artery and vein, was then occluded with a detachable silicone balloon (Target Therapeutics/Boston Scientific, Fremont, CA) placed through the guiding catheter, embolization coils placed through the inner 5-F catheter, or a combination of the two agents (Fig 1c) . After the availability of 0.035-inch and 0.038-inch soft platinum Tornado embolization coils (Cook), and then Nester coils (Cook), these were the preferred agents. Although 14 cm long when stretched out, Nester coils permit tight internal packing to yield a high degree of cross-sectional occlusion over a relatively short distance. To enhance stability of the first coil, its initial few centimeters could be placed in a small, distal normal side branch (ie, "anchored") with the remainder of the coil released in the feeding artery. Microcoils (0.018 inch) were used if the feeding artery could be catheterized only with a microcatheter system or if the artery was extremely short, necessitating intraaneurysmal occlusion through a microcatheter (22) . After embolization of the feeding artery or arteries, segmental and lobar angiography was performed to assess for adequate occlusion and any accessory feeding vessels that might also require embolization. Patients were generally hospitalized overnight.
Follow-up
As a result of the long-distance referral status of many of these patients, follow-up was generally performed in their local setting. Methods consisted of clinical evaluation, recording of laboratory data, radiographic studies, and telephone calls. Imaging studies were sent to us for direct review. Follow-up for the purposes of this study was concluded as of May 2004.
At 6 -12 months, helical CT was recommended with use of reconstructions no thicker than 5 mm. An unenhanced study was believed to be sufficient to assess the presence and size of the aneurysmal sac. Additionally, clinical assessment was performed and a physiologic study was recommended: pulse oximetry for oxygen saturation and/or an arterial In the catheterization of the right lower-lobe pulmonary AVM feeding artery with the Lumax guiding catheter system, the 5-F inner catheter (straight black arrow) is located more distally in the feeding artery than the 7-F guide (curved arrow) on this left anterior oblique angiogram. The subtraction artifact of a detachable balloon previously placed in the right middle lobe feeding artery is also noted (outlined white arrow). (c) No residual filling of the right lower-lobe AVM was seen on final angiography after placement of an embolization coil and a detachable balloon, and the patient's partial arterial oxygen pressure increased to 84 mm Hg.
blood gas study. These same imaging and physiologic studies were then recommended every 5 years or earlier if a patient was planning on pregnancy, was entering adolescence, or exhibited recurrent clinical manifestations. The pulmonary AVM was considered successfully treated if complete or near-complete involution (ie, linear scar only) of the aneurysmal sac was seen on CT (Fig 2) . Disappearance of a sac on chest radiography was considered acceptable in patients who had no CT scan if the sac had been seen on plain radiography before embolization. Alternatively, no residual perfusion on angiography was also considered acceptable in those followed with this modality (eg, in a patient returning for treatment of other pulmonary AVMs). If a sac remained on CT or chest radiography, a residual pulmonary AVM was considered to be present unless no flow was seen on pulmonary angiography. Although this could potentially miss bronchial artery collateral flow perfusing a pulmonary AVM beyond the level of pulmonary artery occlusion, this typically tiny left-to-left shunt was not considered significant outside of a small risk of hemoptysis. No strict physiologic criteria were used to determine the success or failure of treatment of any specific pulmonary AVM because changes in oxygen status could result from other pathologic processes, persistence of the pulmonary AVM, or enlargement of other pulmonary AVMs. Nevertheless, a decrease in the postprocedural oxygen saturation by 2%-3% or in the oxygen tension by 5-10 mm Hg was suspicious for a worsened right-to-left shunt.
If a residual sac was present on CT or chest radiography, other pulmonary AVMs of significant size were identified, or physiologic studies suggested a worsening shunt, pulmonary angiography was recommended. Repeat embolization was performed as indicated.
RESULTS
Patients and Embolization Data
One hundred fifty-five patients had embolization of pulmonary AVMs during the study period, of whom 148 (95%) had HHT. There were 65 male patients and 90 female patients, with a mean age of 45 years (range, 7-77 y). Seven patients were children younger than 18 years of age, with ages ranging from 7 to 18 years and a mean of 12 years. Information on clinical manifestations is available for 154 of these patients ( Table 1) .
Four hundred fifteen pulmonary AVMs were embolized in 205 procedures; 50 patients underwent staged procedures to treat all their pulmonary AVMs. Nine pulmonary AVMs in nine patients were diffuse and the remainder were focal. Detachable balloons alone were used for 192 lesions (46%), coils alone were used for 190 AVMs (46%), and a combination of the two were used for 33 pulmonary AVMs (8%). Most of the coils were standard stainless-steel 0.035-inch and 0.038-inch coils, with smaller numbers of the newer 0.035-inch and 0.038-inch Tornado and Nester coils used later in the study period. Embolization with complex helical microcoils through a microcatheter was needed for only 15 pulmonary AVMs (3.6%).
The procedural complication rate was 2%, with no significant sequelae. Three instances of angina occurred, as did one transient ischemic attack. Twelve percent of patients had mild postprocedural pleurisy and 2.4% had severe, delayed pleurisy.
Clinical Follow-up
Clinical follow-up was available in all patients over periods of 3-7 years. Twelve patients died during the follow-up period, one from a brain abscess in the setting of a diffuse pulmonary AVM, one from HHT-related liver disease, and the remainder from unrelated causes. Two patients additionally developed heart failure from HHT-related liver AVMs, whereas two others had congestive heart failure from other causes. Thirty-six patients (23%) presented at 43 separate times with problems related to residual or other growing pulmonary AVMs. One asymptomatic patient had a persistent sac that was discovered to have no pulmonary perfusion on angiography, which leaves 35 patients (23%) with significant pulmonary AVM disease at 42 follow-up times. Significant symptoms believed to be related to pulmonary AVMs developed in 22 patients (14%) at 23 different times. Asymptomatic significant pulmonary AVMs were noted in 17 patients (11% of all patients, 11.8% of those with imaging follow-up) at 19 follow-up times. Four patients who had episodes of heart failure (including two from liver AVMs) are included in the asymptomatic pulmonary AVM group. Four patients presented at different times with symptomatic and asymptomatic conditions. Tables 2 and 3 detail the clinical status of these patients and whether the etiology was a residual treated pulmonary AVM and/or growth of other pulmonary AVMs. The majority of patients had growth of other pulmonary AVMs. A small number had new growth and residual pulmonary AVMs (9.1% of symptomatic patients or 8.7% of symptomatic episodes; 11.8% of asymptomatic patients or 10.5% of asymptomatic episodes).
Of the four patients with four episodes of stroke or TIA, only one had a pulmonary AVM with no comorbid conditions. Two of the other three developed atrial fibrillation and one had a venous access device placed for transfusions of iron and blood. Of the five episodes of brain abscess in five patients, two occurred in the setting of diffuse pulmonary AVM, one with reperfusion and the other with growth of other lesions. The other three occurred in the setting of growth of small pulmonary AVMs, which were multiple in one patient who also had a sinus procedure preceding the abscess.
Imaging Follow-up
Imaging follow-up was available in 144 of the 155 patients and 393 of the 415 embolized pulmonary AVMs (95%). This consisted of CT images in 112 patients (72%) and 312 pulmonary AVMs (75%), chest radiographs in 27 patients (17%) and 42 pulmonary AVMs (10%), and angiography alone in six patients (4%) and 39 pulmonary AVMs (9%). Eleven patients (7%) with 22 embolized pulmonary AVMs (5%) had no imaging follow-up. One patient had some pulmonary AVMs followed with use of radiography and others followed with angiography, accounting for the sum of patients here being 156, one more than the actual number of patients. The mean imaging follow-up time was 2.9 years per procedure, with a range of 1 month to 7 years (median, 3 y).
Imaging findings at follow-up are summarized in Table 4 . More than 90% of patients and treated lesions showed pulmonary AVM involution on noninvasive imaging or absence of feeding vessels on angiography. One false-positive CT finding was caused by a smaller residual sac that was not perfused on angiography. Further details on patients with residual pulmonary AVMs and growth of other AVMs is given in the relevant forthcoming sections.
Physiologic Follow-up
Thirty patients had arterial blood gas measurements available in the same laboratory before and 6 -12 months after treatment. In these patients, the mean oxygen tension measurements were 62 mm Hg before treatment, 83 mm Hg immediately after treatment, and 82 mm Hg at the late follow-up. When these measurements were compared with their immediate postembolization values, 12 patients had an increase of 1-9 mm Hg reflected on the later measurement, four measurements were unchanged, and 14 had a decrease of 1-14 mm Hg. 
Residual Embolized Pulmonary AVMs
True persistence or reperfusion was identified in 11 treated pulmonary AVMs in 10 patients. This represents 2.8% of the 393 treated pulmonary AVMs and 7.6% of the 144 patients who had imaging follow-up. Seven of these patients were symptomatic (Table 2), of whom two also had growth of other pulmonary AVMs, and three were asymptomatic, of whom two also had growth of other pulmonary AVMs. Therefore, 40% of patients with residual embolized pulmonary AVMs also had growth of other pulmonary AVMs to a significant size. This included four of the nine patients with embolized diffuse malformations. CT scans in the 10 patients showed 10 residual malformations (Fig 3a,3b) ; only one AVM was not detected (ie, falsenegative).
The causes of residual pulmonary AVMs are identified in Table 5 . Recanalization through coils was the most common finding, typically in the setting of coils that did not create a dense occlusive plug of metal in the vessel, and was occasionally seen from early deflation of a detachable balloon (Fig 3c-3e; Table 6 ). Nine patients underwent repeat embolotherapy, with successful occlusion of the pulmonary AVMs in seven. An additional patient had slow flow remaining after embolization and only a thin vessel on angiography 3 years later that was not believed to be of sufficient size to warrant further embolization. One patient with hemoptysis had bronchial collateral flow entering the pulmonary arteries distal to proximally positioned coils placed in an attempt to redistribute flow away from diffuse bilateral lower-lobe pulmonary AVM involvement; these were considered as two treated pulmonary AVMs. Particulate embolization of the bronchial arteries was only partially successful and was complicated by multifocal strokes. These were caused by paradoxic systemic arterial embolization of some of the embolic material after it entered the pulmonary circulation and passed through the pulmonary AVMs. The patient had a complete clinical recovery but did have subsequent recurrent hemoptysis (23). The last patient was a child who was found to have multiple small pulmonary branches providing collateral flow to the pulmonary artery feeder vessel distal to the embolized segment. These were too small to warrant embolization.
Pulmonary AVM Growth
Enlargement of the feeding arteries of 97 previously small pulmonary AVMs to a size sufficient to warrant embolization occurred in 28 patients (19% of patients with imaging followup) at 36 follow-up time points. Fifteen patients had symptoms ( Table 3) . A follow-up CT scan was the only indication of significant growth in 13 asymptomatic patients with 30 pulmonary AVMs over 15 postprocedural follow-up time periods.
DISCUSSION
Pulmonary AVMs are well-known to predispose patients to significant morbidity other than just the effects of hypoxemia (3, 6, 24) . In this study, one third of patients had a history of stroke or transient ischemic attack, whereas 9% had previous brain abscesses, 6% had other infections, and 3% had previous lung hemorrhage. The danger of leaving a pulmonary AVM alone after it has been diagnosed has also been demonstrated by Swanson et al (7), who found that five of 15 patients available for follow-up who had untreated pulmonary AVMs developed a neurologic complication within 10 years. Recurrent or persistent pulmonary AVMs after treatment would be similarly expected to carry a significant risk of adverse events. Indeed, in a report from our institution (14) on successfully embolized large pulmonary AVMs (feeding arteries Ն8 mm in diameter), seven of 45 patients (16%) had reperfusion of eight of 52 pulmonary AVMs (15%). Two of these patients developed strokes. Although six also had worsening dyspnea, hypoxemic symptoms are often insidious and well-compensated, even in those with large lesions, and is an insensitive indicator of what may be a sizable malformation for paradoxic embolization.
As was shown in this study as well as others (9,14 -16,25,26) , persistence or reperfusion of an apparently successfully embolized pulmonary AVM may occur in one or more of four ways: (i) recanalization of the embolized vessel, (ii) growth of a missed or previously small accessory artery, (iii) bronchial and other systemic artery collateral flow into the pulmonary artery beyond the level of the embolization (creating a left-to-left shunt), and (iv) pulmonary artery-to-pulmonary artery collateral flow about the occlusion. The last has been observed only in young children in our experience, presumably as a result of the ability for continued lung growth at that age (26) . Other than the third mechanism, all these result in right-to-left shunting and place the patient at recurrent risk for paradoxic embolization. In addi- tion, because the malformation remains in all cases, the risk of rupture remains. Theoretically, this risk may be greater when systemic arterial collateral flow has developed, with rupture of the pulmonary AVM that is now under higher pressure and/or the abnormal collateral vessels. Nevertheless, this has rarely been seen. Maintaining a low rate of reperfusion or persistence of embolized pulmonary AVMs is strongly related to technique. Our goal is to achieve a high degree of cross-sectional occlusion of a feeding artery as close to the AVM as possible. This resulted in our achieving a very low incidence of residual embolized pulmonary AVMs in this study, occurring in only 2.8% of treated lesions with imaging followup, albeit in 7.6% of patients.
With the exception of our earlier report of large pulmonary AVMs (14) and one other small series (25) , most studies have also found persistence or reperfusion of embolized pulmonary AVMs in similarly small numbers of patients and lesions, typically from zero to 10% (7, 9, 15, 16, 27) . In the earliest study to our knowledge to rely on CT follow-up, Remy et al (28) discovered persistent flow in two of 21 pulmonary AVMs with early follow-up (10%) and two of 46 with late follow-up (4%). The sacs of these four lesions were unchanged in size. Two had persistent flow and two had recanalization. Of the eight reperfused pulmonary AVMs in our series of large lesions mentioned earlier (14) , four had recanalization of an embolized vessel and three had interval growth of an accessory feeder vessel, all of which were successfully embolized. Another report of patients treated with detachable balloons and occasionally coils (15) used chest radiography or high-resolution CT imaging for follow-up, along with history and arterial blood gas values. Reperfusion was identified in 3.5% of patients as a result of accessory arteries or recanalization.
Swanson et al (7) found recanalization in two of 48 patients (4%) treated with embolization, although the mode of identification in these two patients was not mentioned. Their patients were followed annually with physical examination, chest radiography, arterial blood gas analyses, and assessment of right-to-left shunt if symptoms were present. Gupta et al (8) followed their 66 patients with clinical evaluation, pulmonary function tests, and radionuclide shunt studies. Although they noted deterioration in three patients in relation to subsequent pregnancies, these cases were found to have progression of other pulmonary AVM disease. No cases of reperfusion were seen, but not all pulmonary AVMs had specific follow-up imaging. Recently, Prasad et al (16) , in a comparison of embolization versus placement of stainless-steel or platinum coils, found persistence rates of 6.7% and 10.3%, which were not significantly different. Mager et al (9) used a combination of annual symptomatic assessment, chest radiography, and arterial oxygen tension measurement to follow pulmonary AVM therapy in 112 patients in whom 296 pulmonary AVMs were embolized (including 32 patients previously reported from their institution [5] ). A right-to-left shunt fraction study (measured with use of the 100% inspired oxygen method [29] ) was performed if the oxygen tension decreased by 10% or an abnormality was seen on the chest radiograph, with subsequent CT and/or intravenous digital angiography performed if the shunt fraction increased by more than 3%. Fifteen patients (13%) had 25 instances of reperfusion (8.4% of lesions), with two of these cases apparently related to an accessory feeder vessel. One of these patients had a neurologic event in the form of a transient ischemic attack; however, this patient also had enlargement of other nonembolized lesions.
The one study with outlying results was reported by Sagara et al in 1998 (25) . This small study of seven patients found a reperfusion rate of 57% in 14 embolized pulmonary AVMs on follow-up chest radiography, CT, and angiography. Only two of these patients had aneurysmal sacs that were unchanged in size. The remaining aneurysmal sacs were smaller but still showed contrast enhancement and opacification on angiography. Two filled from only bronchial arterial supply, whereas the remaining six had recanalized pulmonary arteries, two additionally with bronchial arterial supply. Hemoptysis was not reported in these two cases.
Probably the most important finding during follow-up is that of enlarging pulmonary AVMs to a size requiring treatment. The number of patients in this category was more than twice the number with reperfusion or persistence, with the actual number of enlarging pulmonary AVMs more than nine times the number of residual embolized pulmonary AVMs. Mager et al (9) also found a significant number of patients who required repeat treatment for enlarging pulmonary AVMs (14%), although they observed a lower rate if no small residual pulmonary AVMs had been left at the time of the first treatment. The prevalence of pulmonary AVM enlargement does raise the question of whether the threshold size for treatment of a pulmonary AVM should be lowered to less than 3 mm. Earlier work indicated that treatment of lesions with feeding arteries of at least this size helped protect against paradoxic bland embolization, although not necessarily against bacterial embolization (19 -21) . With enlargement over time, lesions that had been small may reach and exceed this size.
We hypothesize that the cause of pulmonary AVM enlargement is physiologic pressure related to redistribution of pulmonary blood flow after 
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embolotherapy of other lesions rather than spontaneous growth. Additionally, it is unlikely that truly new lesions develop. Instead, these lesions probably represent enlargement of lesions previously smaller than the threshold of imaging detection. Patients with HHT and pulmonary AVM are prone to have multiple varyingly sized lesions, including microscopic ones (1, 3, 4, 8) .
Although follow-up evaluation of patients is clearly important, the precise method is not agreed upon. Patients in this study were principally followed with clinical evaluation and CT imaging. Mager et al (9) relied more strongly on physiologic follow-up and chest radiography, the sensitivity of which is limited. In a screening study, Kjeldsen et al (30) found a sensitivity of 60% for chest radiography in a group of patients with positive pulmonary angiographic findings. Because no study exists that compared the sensitivity of CT versus other modalities for detection of pulmonary AVMs of significant size, the superiority of any one method is not clear. It is likely that a combination of clinical evaluation, physiologic testing, and CT imaging is the best algorithm. Indeed, patients in this study with recurrent pulmonary AVMs were first identified with any one of these three methods (Tables 2 and 3) .
The CT findings we used to define a successfully occluded pulmonary AVM were complete or near-complete resolution of the aneurysmal sac, meaning only a tiny residual or linear scar. Remy et al (28) used a looser definition, additionally accepting a sac of decreasing size over time, whereas Prasad et al (16) added the finding of resolution of the draining vein in addition to resolution of the aneurysmal sac. Sagara et al (25) used the most strict standards, requiring a lack of enhancement after administration of contrast medium. Nevertheless, it seems reasonable to accept disappearance or near-complete disappearance of the sac as an indication of the lack of pulmonary AVMs of significant size. We did not track the appearance of pulmonary AVMs believed to be adequately occluded by noninvasive imaging in those patients who returned for pulmonary angiography for other reasons. Still, only one lesion was identified to have remaining pulmonary arterial perfusion (the one falsenegative finding on CT). One situation in which CT imaging is limited is in cases of multiple pulmonary AVMs in close proximity or diffuse disease. Artifacts related to multiple coil emboli and adjacent nonembolized pulmonary AVMs can create difficulty in interpreting the status of a treated lesion. In this situation, we have a low threshold for proceeding to pulmonary angiography, especially if the arterial oxygen tension or shunt fraction has decreased. Patients with diffuse disease are known to present particular difficulty in terms of achieving adequate treatment (31), with hypoxia often resistant to embolization and the incidence of neurologic events moderately reduced but still high.
The timing of follow-up is also a critical question. We chose an initial evaluation within 6 -12 months of a procedure to confirm adequate embolization and then every 5 years. However, more than half the patients with subsequent problems related to pulmonary AVMs presented during follow-up with symptoms. This suggests that a shorter interval may be better, perhaps one of 3 years.
In conclusion, patients undergoing embolotherapy for pulmonary AVMs require careful surveillance after therapy. Although a small number will have reperfusion or persistence of an embolized malformation, a larger number will show significant enlargement of previously small pulmonary AVMs. These lesions will often result in symptoms, although a sizable minority are asymptomatic and are detected with imaging. The optimal follow-up should be a combination of clinical assessment, physiologic testing, and CT imaging. An initial follow-up to determine adequate occlusion of a treated lesion is recommended within the first 6 -12 months. The timing of subsequent evaluations is not certain, but would appear to be sooner than the 5 years recommended at the start of this trial. Also, it is possible that embolization of lesions with feeding arteries smaller than 3 mm in diameter may result in a smaller number of enlarging lesions. Hopefully, these measures would decrease the ratio of symptomatic patients to asymptomatic patients who require further treatment. 
